Introduction
Deep vein thrombosis (DVT) is a major cause of morbidity and mortality, as it can lead to postthrombotic syndrome (PTS) and pulmonary embolism. According to the American College of Chest Physicians treatment guidelines, DVT has conventionally been treated with low-molecularweight heparin, unfractionated heparin, or fondaparinux followed by vitamin K antagonists for at least 3 months. 1 This recommended regimen is adequate for prevention of thrombus extension, but its effect on clot lysis is minimal. The reported 6-month venous patency rate in patients treated with anticoagulation alone was only 47.4%. Eventually, up to 55.6% of patients with iliofemoral DVT developed PTS as a result of valvular dysfunction. 2 Up to 5% to 10% of patients had severe PTS in the form of venous ulceration, which caused significant morbidity and socio-economic cost. 3 In view of the suboptimal treatment outcomes of anticoagulation, aggressive means have been developed to achieve early restoration of venous patency and thus preservation of valvular function. A Cochrane review suggested that early thrombus removal by means of systemic thrombolysis can prevent venous dysfunction and PTS. However, its use was limited by its significantly increased risk of bleeding. 4 Endovascular modalities including catheterdirected thrombolysis (CDT) and percutaneous mechanical thrombectomy (PMT) were developed to achieve accelerated thrombolysis with less bleeding risk. Catheter-directed thrombolysis was shown to be superior to anticoagulation alone in terms of higher thrombolysis rate and lower rates of recurrence and PTS. 2 It features loco-regional delivery of thrombolytic agent over the DVT site via a transluminal catheter. The dosage of the thrombolytic agent can be reduced compared with that of systemic thrombolysis, and thus, a reduction in bleeding complications can be achieved. Its benefits have been validated by a number of randomised controlled trials and meta-analyses, but its application rate remains low because of its substantial bleeding risk and cost. 5 
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Percutaneous mechanical thrombectomy is another form of endovascular treatment, in which thrombectomy devices are passed to the site of DVT and blood clots are removed by different mechanical means. It can also be used as an adjunctive device to CDT or pharmacomechanical thrombectomy. When these two devices are used in combination, the dosage of thrombolytic agents can be lowered further and the duration of procedure can be shortened. 6 According to the American College of Chest Physicians guidelines, PMT provides the greatest benefits for young and functionally active patients with acute presentation (<14 days, or presence of phlegmasia cerulea dolens) of extensive proximal DVT. 1 Percutaneous mechanical thrombectomy has provided promising results in various studies, while high-level evidence to guide its implementation is still lacking. Against this background, this article aimed to review the evidence about PMT regarding its procedural outcomes and safety profile in the treatment of DVT.
Methods

Literature search
A systematic review was conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analysis) statement (http://www.prisma-statement.org/). An electronic search was performed using the PubMed, EMBASE, and Cochrane Databases from January 2006 to December 2016. The medical subject heading (MeSH) terms used were "mechanical thrombectomy" and "venous thrombosis" or "deep vein thrombosis".
Study selection
The inclusion criteria were as follows: DVT of the lower extremities; human study; study population aged ≥18 years; and articles published in English. Reviews and case reports were excluded. All studies of interest were obtained as full-text articles and assessed by two authors independently. Final decisions on inclusion in the study were made by the entire research team.
Data extraction and outcome measurement
Relevant data were extracted with the following items recorded: author, title, year of publication, number and age of patients, co-morbidities, duration of follow-up, onset of symptoms, location of DVT, type of thrombectomy device, and adjunctive modalities. Efficacy was measured in terms of rates of venous patency, recurrence, and PTS. Complications including bleeding, pulmonary embolism, and mortality were recorded. Secondary outcomes included dosage of thrombolytic agents, cost, and duration of procedure.
Data analysis
Statistical meta-analysis was not performed because of the heterogeneity of the original data. Therefore, descriptive data were summarised and presented in tables to provide a comprehensive overview of different clinical aspects of the studies.
Results
Our initial search yielded a total of 369 articles, including 260 articles from PubMed, 98 articles from EMBASE, and 11 studies from the Cochrane Library. Thirty-one duplicated records and 283 irrelevant studies were excluded upon screening of titles and abstracts, leaving 55 potentially eligible studies. A further 39 articles were excluded after full-text articles were assessed: 28 review articles; one study on the patients with inferior vena cava (IVC) filter; one study on the effect of clot age; seven studies without full text; and two non-English studies. Fifteen retrospective studies and one prospective registry were included into our analysis, in which seven articles reported comparative evidence of PMT versus CDT. There were no published randomised trials available.
Baseline patient demographics and characteristics of the studies are summarised in Table 1 . [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] A total of 1170 patients were included (range, 16-329 patients) with a mean age of 53.5 years (range, 16 to 88 years). The mean follow-up time was 12.3 months (range, 1-82 months). Four different categories of thrombectomy devices were used among the included studies: rheolytic devices, [6] [7] [8] [9] [10] [11] aspiration devices, [12] [13] [14] [15] [16] rotational devices, [16] [17] [18] [19] [20] [21] and ultrasound-enhanced thrombolysis devices. 14 They aimed to achieve transcatheter removal of thrombi via different mechanical means.
The AngioJet system (Possis Medical, Minneapolis [MN], US) is a rheolytic device that generates high-velocity saline jets at the side of catheter, which create a localised low-pressure zone and thus result in maceration and aspiration of the thrombus.
During aspiration thrombectomy, the thrombus was aspirated out through the percutaneous catheter as the catheter was gradually pulled out. The process was repeated until complete removal of the thrombus or at least 90% disappearance of thrombi. Two of the aspiration systems were Aspirex (Straub Medical, Wangs, Switzerland) and the Trellis infusion system (Covidien, Mansfield [MA], US), which is a sophisticated system that contains an oscillation drive unit that mixes the thrombus with thrombolytic agents between two occlusion balloons.
Rotational devices feature high-frequency revolution of a helix that is controlled by a foot pedal. They all consisted of a motor-driven fragmentation helix or basket that was rotated in the thrombosed vein. The thrombus was then aspirated out via the catheter.
An ultrasound-enhanced thrombolysis device (EKOS Corporation, Bothell [WA], US) was selectively used in one study 14 for patients with inadequate thrombus removal despite the use of a rotational device. A high-frequency ultrasound wave was emitted through transducers inside the catheter to achieve maceration of the thrombus and mix it with thrombolytic agents.
Efficacy
Nine non-comparative and seven comparative studies were included in our analysis. Efficacy in terms of rates of venous patency, PTS, and recurrent thrombosis is shown in Table 2 . [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Venous patency was measured most frequently by Duplex ultrasound (n=9) followed by computed tomographic (CT) venography (n=4) and contrast venography (n=2). Imaging modalities were not mentioned in three studies. Venous patency was further quantified according to a 3-tier system in five studies: Grade I (<50% clot lysis), Grade II (50%-99% clot lysis), and Grade III (100% clot lysis). 22 Venous patency was measured at 6 months in four studies and at 1 year in the other 12 studies. Venous patency rates ranged from 75% to 100%.
Rates of PTS were reported in terms of Villalta score (n=2) 23 or Venous Clinical Severity Score (VCSS) [n=2]. 14 Four studies reported the rates of valvular incompetence from 8% to 24%. The rates of DVT recurrence, reported in eight studies, ranged from 0% to 17%.
Complications
The major complications of thrombectomy are shown in Table 3 . [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Six studies reported rates of pulmonary embolism ranging from 0.3% to 17%, but none of them was clinically significant. No patient had pulmonary embolism in the remaining 11 studies. Garcia et al 6 reported major bleeding complications in 3.6% of patients, including intracranial bleeding, gastrointestinal bleeding secondary to gastritis or gastric cancer, retroperitoneal bleeding, and haemolytic anaemia requiring transfusion. Minor bleeding complications were reported at frequencies of up to 28%, most of which were access site bleeding. Blood transfusion and surgical intervention were seldom required. No operative mortality was reported in 12 studies, while only two cases of fatal intracranial haemorrhage were noted in two separate studies. Another mortality was reported by Garcia et al, 6 with an unknown cause of death. The overall mortality in this series was 0.26%.
Secondary outcomes
Seven studies reported comparative evidence about PMT versus CDT (Table 4 6, 9, 10, 11, 15, 18 ). Huang et al 7 showed that PMT significantly reduced PTS at 1 year, with lower Villalta scores in the PMT group (2.1±3.0) than in the CDT group (5.1±4.1; Wilcoxon rank-sum test, P=0.03). However, no statistical difference was shown in Villalta scores in another retrospective study conducted by Park et al. 18 Lin et al 9 compared bleeding complications between the two groups in terms of the number of units of packed red blood cells transfused. There was a significant reduction of blood transfusion from 1.2±0.7 units in the CDT group to 0.2±0.3 units in the PMT group (Pearson Chi squared, P≤0.05). 9 The dosage of thrombolytic infusion and average procedural time were significantly reduced in the CDT with adjunctive PMT group compared with the CDT alone group, as reported in at least four different retrospective studies. 10, 11, 15, 18 From the economic perspective, two retrospective studies performed cost analysis, and PMT was found to be associated with 44% to 49% reduction in total hospital costs. 9, 10 It was also consistent with shorter hospital and intensive care unit (ICU) stays in the PMT group (4.6±1.3 days No statistically significant differences in venous patency or symptom improvement between the two groups were reported in this series of comparative studies.
Comparison between types of thrombectomy devices
Three studies compared outcomes of different thrombectomy devices. Garcia et al 6 created the first prospective multi-centre (PEARL) registry to document the use of the AngioJet rheolytic device. A total of 329 patients were stratified into four treatment subgroups: (1) rheolytic thrombectomy (RT) alone;
(2) RT plus CDT; (3) pharmacomechanical CDT (PCDT), and (4) PCDT combined with CDT. Each of these subgroups differed in terms of the presence, timing, and delivery means of thrombolytic agents. Rheolytic thrombectomy was given before or after CDT in subgroup 2, and PCDT was defined as delivery of lytic agent through an AngioJet catheter. This registry demonstrated no statistical difference in venous patency rate between the subgroups, while a significant reduction in procedural time in non-CDT group was observed ( Table 4 ). The investigators concluded that RT was effective and safe, and therefore, the needs for concomitant CDT and intensive care could potentially be reduced.
Shi et al 20 and Arko et al 8 compared the outcomes of Amplatz versus Rotarex and Trellis versus AngioJet devices, which again showed no significant differences in clinical outcomes between the two groups. 
First author, year Pulmonary embolism Bleeding Mortality
Use of adjunctive treatments
Inferior vena cava filter placement, angioplasty, and stenting were the most commonly performed adjunctive treatments in addition to thrombectomy. Inferior vena cava filters were used in 46% to 100% of patients among 11 studies. The majority of the filters were removed shortly after the procedure without major complications. Lee et al 15 reported that 6 of 37 patients had thrombus entrapment in prophylactic IVC filters in the thrombectomy group compared with 0 of 9 patients in the CDT alone group. Arko et al 8 reported that 17% of patients showed asymptomatic pulmonary embolism on CT after thrombectomy, in which all patients did not receive IVC filters. This showed that prophylactic IVC filtration could be a useful measure for prevention of pulmonary embolism, especially in patients who undergo aggressive thrombectomy. Angioplasty with or without stenting was performed in 15 studies, ranging from 14% to 80% of patients. The two main indications were iliac vein compression syndrome (May-Thurner syndrome) and residual thrombus after thrombectomy. One study reported a significantly improved iliac vein patency rate in the group with stents (28.95%) than without stents (11.29%; log rank test, P=0.026). 15
Discussion
Catheter-directed thrombolysis and PMT are both emerging techniques for treatment of acute DVT of the lower extremities that have the advantage of early restoration of venous patency and thus reduction of post-thrombotic complications. A 2015 meta-analysis compared the efficacy of CDT plus anticoagulation versus that of anticoagulation alone in the treatment of proximal DVT. It showed that additional CDT was associated with significantly improved 6-month venous patency and PTS rates. However, there was a two-fold increase in bleeding complications in the CDT group, and concomitant close monitoring under intensive care setting has had a substantial economic burden. 5 These two main reasons have precluded the incorporation of CDT into the standard treatment recommendation despite encouraging procedural outcomes.
As compared with CDT, PMT is another Abbreviations: AT = aspiration thrombectomy; CDT = catheter-directed thrombolysis; ICU = intensive care unit; MT = mechanical thrombectomy; PCDT = pharmacomechanical catheter-directed thrombolysis; PMT = percutaneous mechanical thrombectomy; RT = rheolytic thrombectomy * Data are shown as mean ± standard deviation, unless otherwise specified endovascular option that has provided promising clinical outcomes with better controlled bleeding risk. This review has served as a comprehensive overview of clinical and safety outcomes across different categories of thrombectomy devices. It demonstrated well that the procedural outcomes of both PMT alone and that with pharmacomechanical devices were non-inferior to that of CDT in treatment of acute DVT in the lower extremities. The rates of PTS, bleeding complications, and hospital costs of PMT were all shown to be favourable to those of CDT alone. In addition, the mortality risk of PMT was minimal and comparable to that of patients treated with anticoagulation alone: 0.4% recurrent fatal venous thromboembolism and 0.2% fatal major bleeding events. 24 As illustrated in this review, the balanced risks and benefits of PMT provide a basis for the future initiation of randomised controlled trials on its use. In addition, PMT is potentially superior to CDT especially in patients in whom thrombolysis therapy is contra-indicated. According to the Society of Interventional Radiology recommendations, CDT is absolutely contra-indicated in patients with recent cerebrovascular events, neurosurgery or intracranial trauma, active internal bleeding, and those with absolute contra-indications to anticoagulation. Other strong relative contra-indications are listed in the Standard of Practice 25 : recent major surgery, obstetrical delivery or major trauma within 10 days, etc. These patients are prone to the development of DVT, and they have been conventionally treated with anticoagulation or IVC filters. Percutaneous mechanical thrombectomy is another option in this clinically challenging situation. Further studies on this particular group of high-risk patients are necessary to investigate the efficacy and safety of this novel technique.
Nevertheless, this review has several limitations. The studies were heterogeneous in terms of outcome measurements and the use of thrombectomy devices. Post-thrombotic syndrome was measured in terms of Villalta score, VCSS, or valvular incompetence rate. Although these systems were well-defined objective scales for monitoring and documentation of PTS, it was difficult to compare efficacy across studies. Similarly, the important index of venous patency rate was variously measured by Duplex ultrasound, CT venogram, or venography. Inaccuracies during direct comparison between studies were unavoidable.
Other adjunctive modalities in addition to the principal thrombectomy devices including iliac vein angioplasty, stenting, and prophylactic IVC filter were used in a major proportion of the studies. No standardised criteria were outlined for the usage of these devices, and they created a confounding factor during data analysis. With inadequate information on sub-categorisation of the study populations, analysis specific to each type of adjunctive devices was not feasible. Most of the studies were retrospective, and no randomised trials were available for quantitative analysis.
Conclusion
Percutaneous mechanical thrombectomy is a safe and effective treatment for acute iliofemoral DVT in terms of restoration of venous patency, prevention of DVT recurrence, PTS, and pulmonary embolism. The overall clinical outcomes of PMT are superior to those with anticoagulation alone. Compared with CDT alone, adjunctive PMT has a lower risk of PTS and bleeding complications. Randomised studies to demonstrate the efficacy of PMT versus anticoagulation and CDT and compare the efficacy of different types of PMT devices would be most beneficial to guide future strategies for treatment of acute proximal DVT.
